Several previous studies have demonstrated that children, when compared with adults, exhibit both lower levels of veridical memory and fewer intrusions when given semantically associated lists. However, researchers have drawn these conclusions using semantically associated word lists that were normed with adults, which may not lead to the same level of activation or gist generation in children. In the current study, the authors used similar associative word lists normed with children and then evaluated the memory of children and adults using these newly normed lists as well as the typical adult-normed lists. Results indicate that children showed lower true and false memories with both the child-normed and adult-normed lists. Thus, these data suggest that the negative relationship between age and false memories in the Deese-Roediger-McDermott (DRM; J. Deese, 1959; H. L. Roediger & K. B. McDermott, 1995) paradigm is not an artifact of the age group used to construct the lists.
, leaving open the possibility that the negative relationship between age and the probability of errors in the DRM paradigm is due to the use of adultnormed lists. That is, younger children may be more likely to exhibit false memories if they were exposed to lists developed with children. Several prior studies have demonstrated changes in children's memory performance when child-appropriate materials are employed. For example, Lindberg (1980) examined adults' and third graders' recall of two types of categorized lists. One list was developed on the basis of interviews with third graders and included categories such as their favorite books and movies, whereas another list was developed with adult category norms. Whereas adults recalled more items from the adult-normed lists than did children, the opposite pattern was apparent for third-grade lists, as children's recall was superior to that of adults. Bjorklund and Thompson (1983) reported similar findings. They observed that children recalled more exemplars from categorized lists that had been normed with children than a similar list that had been normed with adults, leading them to conclude that ". . . the degree of knowledge children possess with respect to the to-be-remembered items can have important consequences for performance on memory tasks" (p. 341). Other work demonstrating enhancements in memory performance when to-be-remembered items are consistent with children's expertise further support this claim (e.g., Chi, 1978; Schneider & Bjorklund, 1992) .
We know of only two studies in which researchers have examined this issue with respect to the DRM paradigm by using ageappropriate lists. Metzger et al. (2008) had third graders and college students engage in a free association task to several words (e.g., sleep, foot). The most common associates reported by third graders were then used as stimuli in a subsequent experiment that tested memory across a range of age groups (second graders, third graders, fifth graders, eighth graders, and college students). Results showed that the youngest age group, second graders, was less likely to recall or recognize the critical lure than older age groups, replicating prior findings (e.g., Brainerd et al., 2002 Brainerd et al., , 2006 Dewhurst & Robinson, 2004) . However, participants were only tested on lists created on the basis of child norms, 1 making it impossible to directly compare performance on child-and adult-normed lists.
In a second study, Carneiro, Albuquerque, Fernandez, and Esteves (2007; Experiment 2) evaluated preschoolers and preadolescents using Portuguese free association norms from these age groups. They found that preschoolers were more likely to recall critical lures with preschool-normed lists, whereas preadolescents recalled more critical lures with preadolescent-normed lists. However, it is unclear whether this pattern of findings will extend to the more typical DRM lists used in most investigations of false memories and whether this pattern will likewise extend to comparisons between adults and children.
In the current study, we attempted a more stringent test of developmental increases in false memory production by using age-appropriate, DRM-type lists. Specifically, we tested children and adults using lists normed with adult populations and lists that were normed with children. A repeated measures design was used, with all participants exposed to both child-and adult-normed lists, permitting us to make direct comparisons of performance. If the negative relationship between age and the probability of errors in the DRM paradigm in past studies is due to the use of adultnormed lists, then employing lists developed with children should increase false memories in children, thus minimizing age differences in false memories between children and adults. However, if false memories do not differ between the adult-and child-normed DRM lists, this would provide strong support for the generality of the negative relation between age and false memories in the DRM paradigm. We examine the implications of our findings for developmental theories of false memories in the Discussion section.
Method

Participants
Sixty-two individuals participated in the current study, including 30 children between the ages of 5 and 8 years (mean age ϭ 6.6 years, SD ϭ 0.7) and 32 young adults (mean age ϭ 24.7 years, SD ϭ 5.8) enrolled at Arizona State University West. Children were tested at local elementary schools and after-school programs from a predominately middle-class suburban setting in the Phoenix (Arizona) area and received small toys or stickers for their participation. Both the children (53% male) and young adults (46% male) had a nearly equal mix of male and female participants. All participants reported being native English speakers.
Materials and Procedure
The lists used in the current study were 12 lists taken from Roediger and McDermott (1995) that were developed and normed with adult participants, and 12 additional lists that were developed and normed by Anastasi, Lewis, and Quinlan (2007) with children using the same critical lures used by Roediger and McDermott. Specifically, Anastasi et al. gave 5-to 8-year-old children (mean age ϭ 6.4 years, SD ϭ 1.1) each of the 24 critical lures and asked them to say aloud the first three words that came to mind. Similar to the adult DRM lists, the 15 most common associates generated made up the child-normed lists (see the Appendix). In the current study, we used the Roediger-McDermott and Anastasi-LewisQuinlan lists that were based on the Window, Smell, Rough, Sleep, Music, River, Rubber, City, Fruit, Car, Lion, and King critical lures. Overall, 26% of the words on the child-normed lists are also included on the adult-normed lists.
Each participant was tested individually and received a total of 12 lists. Half of the participants were given 6 adult-normed lists followed by 6 child-normed lists, whereas the remaining participants received the opposite order. Participants were instructed to pay attention to each of the list items as they were read aloud at approximately a 2-s rate. Following each list, participants were told to say aloud as many words from the list as they could remember.
2 Each of the items recalled was checked off on a pre-prepared testing sheet, whereas any extralist items were written down. After participants indicated that they could not remember any additional list items, they were given the next list in the same manner. This process was continued for each of the 6 initial lists. Immediately after the sixth recall test, participants were given a 36-item yes/no recognition test (18 list items, 6 critical lures, and 12 nonlist items) for all of the previous 6 lists. Participants were instructed to indicate whether they remembered each of the items said aloud by the experimenter. Participants' answers were recorded on a pre-prepared testing sheet. After a short break, participants were given the remaining 6 lists and were tested in an identical manner.
Results
Recall Data
The proportion of list items and critical lures recalled by children and adults (see Table 1 ) was analyzed with a 2 (Age: children, adults) ϫ 2 (List Norm: child-normed, adult-normed) ϫ 2 (Item Type: list, critical lure) mixed-factor analysis of variance. (The alpha level for all statistical tests was set to .05.) Results show that adults (M ϭ 0.38) recalled reliably more items than children (M ϭ 0.24), F(1, 62) ϭ 39.63, p 2 ϭ .35. Participants also exhibited higher levels of recall for adult-(M ϭ 0.33) compared with child-normed (M ϭ 0.29) lists, F(1, 62) ϭ 8. 
Recognition Data
The proportion of list items, critical lures, and nonlist items recognized are displayed in Table 2 . We calculated AЈ scores (see Table 3 ; for details of the calculation, see Snodgrass & Corwin, 1988) for each participant, and we analyzed them using the same factors described for the analysis of the recall data.
3 Results show that adults' discriminability (M ϭ 0.88) exceeded that of children 
Child Subgroup Analyses
The children tested in the current study came from a broader age range (5-to 8-year-olds) than that typically used in investigations of developmental trends in false memories. To further examine possible differences between children of different ages, we divided children into two age groups (5-to 6-year-olds, n ϭ 14; and 7-to 8-year-olds, n ϭ 16) and examined recall and recognition performance. In the interest of brevity, we report only those results that pertain to Child Age Group. 4 First, recall data for children were analyzed in a 2 (List Norm: child-normed, adult-normed) ϫ 2 (Item Type: list, critical lure) ϫ 2 (Child Age Group: 5-6, 7-8) mixed-factor analysis of variance. Results show that Child Age Group did not interact with any variables ( ps Ͼ .20). An analysis that used the same factors for AЈ scores revealed a marginally reliable Child Age Group ϫ Item Type interaction, F(1, 28) ϭ 3.76, p ϭ .06, p 2 ϭ .12. In particular, for the 5-to 6-year-olds, list item recognition (M ϭ 0.82) exceeded critical lure recognition (M ϭ 0.75), F(1, 13) ϭ 6.17, p 2 ϭ .32. In contrast, for 7-to 8-year-olds, list item recognition (M ϭ 0.82) did not differ reliably from critical lure recognition (M ϭ 0.80), F(1, 15) ϭ 1.46, p ϭ .25, p 2 ϭ .25. Thus, whereas 5-to 6-year-olds recognized the same proportion of list items as 7-to 8-year-olds, they exhibited lower levels of false recognition.
Discussion
Children in the current study exhibited lower levels of false memories than adults on both recall and recognition measures, consistent with a number of other studies (e.g., Brainerd et al., 2002 Brainerd et al., , 2006 Brainerd & Reyna, 1996; Dewhurst & Robinson, 2004; Holliday & Weekes, 2006; Howe, 2005) . Of greater importance, the negative relation between age and false memories was evident for both adult-normed and child-normed lists. Thus, the finding that children are less likely than adults to falsely recall or recognize the critical lure in the DRM paradigm is not an artifact of the specific type of lists used in previous studies and generalizes to lists that were developed with children. However, it should be noted that these data are inconsistent with Carneiro et al. (2007) , who reported that false recall was dependent on the specific list norms used. It is unclear whether this difference is due to the use 3 The manner of calculation renders it such that list item performance is calculated with recognition of nonlist items as false alarms. Likewise, performance for the critical lure was assessed by first entering critical lure recognition as "hits" in the formula and recognition of nonlist items as "false alarms." Thus, high values of AЈ for critical lures are indicative of high levels of false memories for the critical lure. 4 The full set of data and analyses are available upon request from Jeffrey S. Anastasi. of different lists, different languages, different age groups, or some other potential factor. Thus, more research investigating these developmental trends in false memories is warranted. How do the current findings fit within the primary theories-fuzzytrace theory (Brainerd & Reyna, 1996 Reyna & Brainerd, 1995) and activation-monitoring theory (AMT; Roediger & McDermott, 1995; Roediger, Watson, McDermott, & Gallo, 2001 )-used to explain false memories? On the surface, both may provide equally plausible explanations of the current findings. Fuzzy trace theory suggests that encoding results in a verbatim and gist representation of the original experience. Verbatim representations refer to the specific details of an experience, whereas gist representations correspond to the general content or meaning of an experience. In the context of the DRM paradigm, verbatim representations would comprise the actual items presented (e.g., sill, pane, door), whereas a gist representation would comprise the central theme word that is not presented (e.g., window). Thus, memory for list items reflects the strength of the verbatim (and potentially gist) representation, whereas false memories for the critical lure are supported by a gist representation. Accordingly, developmental increases in false memories occur because the ability to extract the gist increases with age (Brainerd & Reyna, 1996 . Consistent with this, several studies have reported that young children exhibit less category clustering in free recall than do older children and adults (e.g., Bjorklund & Hock, 1982; Bjorklund & Jacobs, 1985) , likely because they are less sensitive to the general thematic content of lists. By extension, the lower levels of false memories exhibited by children in the current study for both types of lists may have occurred because the young children were less likely to extract the gist of the presented lists. Thus, fuzzy-trace theory provides a good explanation for lower levels of false memory production for children compared with adults.
AMT accounts for false memories as the product of implicit activation of related associates during the list presentation (cf. Underwood, 1965) . In particular, viewing a list of associates of a central theme word increases the probability of activating that central theme word (e.g., window) as each list item is presented. This frequent activation makes it highly likely that the central theme will be misattributed to the presented study list. Later instantiations of AMT proposed that false memories were the product of a tradeoff between such activation and the efficiency with which the rememberer monitors items during retrieval Roediger et al., 2001) , with proficient monitoring reducing the probability of exhibiting false memories. Thus, AMT suggests that false memories result from mistakenly reporting or endorsing a critical lure that has been activated during study or retrieval and when participants are unable to counter activation of the critical lure with proficient monitoring.
On the basis of AMT, one might presume there would be developmental decreases in false memories if they were the product of monitoring deficiencies, rather than the developmental increases in false memories that are observed. However, with the addition of one assumption that is not explicitly stated by the AMT theory, AMT also provides a relatively simple explanation of this counterintuitive finding (Carneiro et al., 2007) . Several researchers have posited that children are less likely to activate critical lures than adults because of a potentially less developed associative network than adults (see Bjorklund, 1987; Carneiro et al., 2007; Howe, 2006) . This activation mechanism alone would predict fewer false memories in children compared with adults. However, monitoring should lead to an age-related decline in false memories because of the fact that children are less adept at source monitoring than adults (Foley & Johnson, 1985; Foley, Johnson, & Raye, 1983) . Thus, source monitoring deficiencies in children may be masked by having to judge less frequently whether an activated critical lure was presented during study. One potential weakness of AMT is the vagueness of these mechanisms. For example, it is unclear whether activation or monitoring is the more important mechanism at any given time, what the contribution of each would be, and when the balance between the two would change.
Nevertheless, an important feature of AMT is that it suggests that false memories result from associative activation and not the development of a gist representation. One form of evidence for this are studies demonstrating that the best predictor of false recall is the probability that a list item activates the critical lure (i.e., backward associative strength; BAS). For example, across 55 lists examined by Roediger et al. (2001) , BAS was the single best predictor of false recall (r ϭ .73) and, to a lesser extent, false recognition (r ϭ .43). In the current study, BAS was likewise a strong predictor of false recall for both adults (r ϭ .50) and children (r ϭ .75) for adult-normed lists. BAS also predicted children's false recognition (r ϭ .48) with adult-normed lists but was not a strong predictor of adult false recognition (r ϭ Ϫ.07). However, comparable child norms providing BAS data are not currently available, making it impossible to evaluate how well BAS predicts performance on child-normed lists.
5 This is a critical issue, as children's associative networks are not identical to those of adults (cf. Howe, 2006) . For example, Bjorklund (1987) noted that the strength and number of links to particular items increase with age, likely as the product of greater exposure to particular items. Thus, BAS measures derived from adults may not adequately reflect the associative networks of younger children.
Given that BAS was a strong predictor of false memories, the evidence would seem to favor such an interpretation of the results of the current study. However, associative strength may be confounded with thematic activation, making it difficult to tease the , bed, rest, awake, tired, dream, etc.) . Hutchison and Balota (2005) have reported a potential solution to this problem. Specifically, participants in several experiments studied lists that all converged on a single meaning, akin to the typical DRM lists used, and they also studied lists that converged on two different meanings (homographic lists). For example, the homographic lists for the critical lure fall consisted of items related to the "stumble" meaning (stumble, slip, trip, etc.) and items related to the "autumn" meaning (autumn, season, spring, etc.) . If false memories are the result of thematic activation, one would expect false memories to be more prevalent for lists that converge on a single meaning (DRM lists) than lists that converge on multiple meanings (homographic lists). However, if false memories are the result of associative activation, then the number of associates and not singularity of meaning should be the crucial factor. Results are consistent with the latter prediction. In particular, false recall and recognition did not differ between DRM and homographic lists, whereas veridical recall was sensitive to thematic organization, with recall superior for lists that converged on a single meaning (see Howe, 2006 , for a similar pattern with children). Thus, the evidence seems to suggest that associative activation is the primary causal factor in false memories. By this account, the lower probability of exhibiting false memories for child-normed lists in the current study may be the product of weaker associative relations between the critical lure and list items for such lists. In summary, the current study, like many previous studies, has demonstrated that children display fewer false memories in the DRM paradigm compared with adults. This lower level of false memories was found even when we used word lists developed and normed with other similarly aged children. Thus, the typical finding of lower rates of false memories in children does not appear to be a product of the type of list used to evaluate their memory in the DRM paradigm.
